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A. The electronic structure of α-Al2O3 and YAG

Fig.S1(a) shows the band structure, total and partial density of states of α-Al2O3, 

from which a large band gap of about 6.18 eV is found. This gap is about 3.32 eV 

smaller than that of the experimental value (9.5 eV) 1, due to the well-known limitations 

of GGA-PBE in reproducing the band gaps of semiconductors or insulators. The partial 

density of states tell us that the higher valence bands distribute in an energy range of 

about 7 eV, which are mostly contributed by O 2p states. The conduction bands come 

from O 2p, Al 3s and 3p states. 

Figure S1 (colour online) Computed band structure, total and projected density of states (DOS 

and PDOS) of (a) α-Al2O3 and (b) YAG. The Fermi level is set to 0 eV.

For YAG, the electronic structure is exhibited in Fig. S1(b). The calculated band gap 

is about 4.52 eV, whereas the experimental value is 7.67 eV2. The band gap of YAG is 
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smaller than that of α-Al2O3. The top of the valence bands are mostly contributed by O 

2p states, which is similar with those of α-Al2O3. For the conduction bands, besides O 

2p states, Y 4d states also have large contribution.

B. The electronic structure of different valence states of M in α-Al2O3

The electronic structures of both initial and final states in the calculation of OTL of 

M ions in α-Al2O3 are shown from Fig.S2 to Fig.S11. To obtain M ions in different 

charge states, we add some electrons to the system or take some electrons from the 

system. In these calculations, we should notice that the electron added to the system 

should occupy the 3d orbitals or the electron taken out from the system should come 

from the 3d orbitals. Based on this consideration, the Sc4+ has not considered in our 

calculations since Sc atom only has three valence electron and so only Sc3+ and Sc2+ 

have been computed (Fig.S2). 

Figure S2 (colour online) The electronic structures of Al2O3:Sc in the calculations of 

OTL εf(Scn+/(n-1)+). (a) is the initial states with n = 3, and (b) is the final states with n = 

3. The Fermi level is set to 0 eV.



Figure S3 (colour online) The electronic structures of Al2O3:Ti in the calculations of 

OTL εf(Tin+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S4 (colour online) The electronic structures of Al2O3:V in the calculations of 

OTL εf(Vn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S5 (colour online) The electronic structures of Al2O3:Cr in the calculations of 

OTL εf(Crn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S6 (colour online) The electronic structures of Al2O3:Mn in the calculations of 

OTL εf(Mnn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S7 (colour online) The electronic structures of Al2O3:Fe in the calculations of 

OTL εf(Fen+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S8 (colour online) The electronic structures of Al2O3:Co in the calculations of 

OTL εf(Con+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S9 (colour online) The electronic structures of Al2O3:Ni in the calculations of 

OTL εf(Nin+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and (d) 

are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S10 (colour online) The electronic structures of Al2O3:Cu in the calculations 

of OTL εf(Cun+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and 

(d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S11 (colour online) The electronic structures of Al2O3:Zn in the calculations 

of OTL εf(Znn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, while (b) and 

(d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

C. The electronic structure of different valence states of X in Y3Al5O12

In this part, only the 3d-TM ions doping in the octahedral site of Y3Al5O12 have been 

considered. The resulting electronic structures are shown from Fig.S12 to Fig.S21. The 

3d orbitals of Sc3+ are empty and locate in the conduction bands at the PBE level. So, 

when adding another electron to the system, this electron occupies the lower conduction 



band rather than the 3d orbitals, as shown in Fig.S12. Thus, the resulting εf(Sc3+/2+) is 

inaccurate. Similar case has also been found in the calculation of Ti2+ and Cr2+. These 

results are distinguished in Fig.2 by hollow symbols. For the final states of εf(Ti4+/3+) 

and εf(V3+/2+), although a small part of the added electron occupies the lower conduction 

bands, most of the electron locates in the 3d states. So the errors in these situations 

should be smaller than those in εf(Sc3+/2+) and we do not distinguish them from other 

results in Fig.2. 

Figure S12 (colour online) The electronic structures of Y3Al5O12:Sc in the 

calculations of OTL εf(Scn+/(n-1)+). (a) is the initial states with n = 3, and (b) is the final 

states with n = 3. The Fermi level is set to 0 eV.

Figure S13 (colour online) The electronic structures of Y3Al5O12:Ti in the 

calculations of OTL εf(Tin+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S14 (colour online) The electronic structures of Y3Al5O12:V in the 

calculations of OTL εf(Vn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S15 (colour online) The electronic structures of Y3Al5O12:Cr in the 

calculations of OTL εf(Crn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S16 (colour online) The electronic structures of Y3Al5O12:Mn in the 

calculations of OTL εf(Mnn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S17 (colour online) The electronic structures of Y3Al5O12:Fe in the 

calculations of OTL εf(Fen+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S18 (colour online) The electronic structures of Y3Al5O12:Co in the 

calculations of OTL εf(Con+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S19 (colour online) The electronic structures of Y3Al5O12:Ni in the 

calculations of OTL εf(Nin+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.



Figure S20 (colour online) The electronic structures of Y3Al5O12:Cu in the 

calculations of OTL εf(Cun+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

Figure S21 (colour online) The electronic structures of Y3Al5O12:Zn in the 

calculations of OTL εf(Znn+/(n-1)+). (a) and (c) are the initial states with n = 4 and 3, 

while (b) and (d) are the final state with n = 4 and 3. The Fermi level is set to 0 eV.

D. Absorption spectra observed at room temperature for GdAlO3:Fe3+



Figure S22 (colour online) The absorption spectra observed at room temperature 

for . Their broad charge transfer band (CTB) can be observed  𝐺𝑑Al1 ‒ 𝑥O3:𝐹𝑒3 +
𝑥

from 255 to 298 nm. Here, the CTB maximum of is estimated to 𝐺𝑑Al0.99O3:𝐹𝑒3 +
0.01

be about 4.36 eV. We adopt this value to talk about the VRBE of Fe3+/2+ in GdAlO3.
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